Background: Many children develop a sensitization to peanut in early infancy, even before peanut is introduced in their diet. Sensitization is particularly common in young children with eczema.
Introduction
Peanut allergy is one of the most frequent food allergies in childhood [1] . In general, it endures throughout life and even the smallest quantities of peanut can trigger severe systemic reactions in patients [2] . e prevalence of peanut allergy in children appears to have increased in recent years [3, 4, 5] . e majority of a ected children exhibit an allergic reaction a er the rst oral contact with peanut, and sensitization to peanut can be detected as early on as in infancy [6, 7] .
us, in addition to the direct consumption of peanut in childhood, other possible sensitization routes are under discussion.
Several peanut allergens have been identi ed to date, primarily peanut seed storage proteins [8] . A number of studies have shown that, depending on the age and geographic origin of patients, as well as the severity of symptoms, various peanut allergens play a role [9, 10, 11, 12] . However, there are few data on the sensitization pattern of speci c peanut allergens in sensitized infants and young children whose diet does do not yet contain peanut. erefore, the aim of this study was to investigate by componentbased diagnosis, an allergen pro le of peanut-sensitized infants and young children with eczema who
had not yet consumed products containing peanuts, as well as to assess any its clinical relevance.
Methods

Patients
Sera taken from peanut-sensitized infants and young children during allergy diagnosis at the pneumology/immunology unit of the pediatric clinic at the Charité University Hospital in Berlin between 2007 and 2011 were used for analysis in this study. Patient history, skin status and nutritional status of the child at the time of blood collection were obtained from medical records. Inclusion criteria comprised the following: -Speci c immunoglobulin E (sIgE) to peanut ≥ 0.35 kU/l -Age: ≤ 20 months -Eczema [suspected atopic dermatitis (AD)] -No known introduction of peanut or peanut-containing products in the child's diet Furthermore, medical records are reviewed for standardized in-patient oral challenges with peanut at a later point in time or whether an objective allergic reaction a er an accidental peanut consumption had been reported during an out-patient consultation. Oral challenge test results, reaction dose and objective clinical symptoms were obtained from medical records. e study was approved by the ethics committee of the Charité Universitätsmedizin, Berlin.
Laboratory investigations
e detection of sIgE to food allergen extracts was performed using the ImmunoCAP uorescence enzyme immunoassay (FEIA) system (Phadia, Uppsala, Sweden). Next to sIgE to peanut, sIgE to hen's egg, cow's milk, wheat, soy, sh and hazelnut were measured. e detection of sIgE to individual peanut components, other foods and aero-allergens was performed using microarray immunoassay (ImmunoCAP ISAC, Phadia, Uppsala, Sweden) and performed according to the manufacturer's instructions. Results were expressed as in ISAC standardized units (ISU)/l and the cut-o level speci ed by the manufacturer was 0.3 ISU/l.
Results
Patient characteristics
In total, sera from 53 patients were included. e median age of the children at the time of blood collection was 9 months. Details are provided in Tab. 1.
At the time of blood collection, 38 children (72 %) were receiving their rst solid foods, primarily fruit and vegetable purees, 12 infants (23 %) were still fully breastfed and three (6 %) received exclusively infant formula. Peanut or peanut-containing products had not been knowingly introduced into the child's diet in any child.
e majority of children (87 %) showed a sensitization to at least one other foods in addition to peanut, as detailed in Table 1 .
Pattern of sensitization
Speci c IgE to peanut seed storage proteins nAra h 1, nAra h 2 and nAra h 3, as well as to nAra 8, the Bet-v-1 homologoue in peanut, were measured using microarray.
Speci c IgE to at least one of the peanut allergens were detected on the microarray in 33 (62 %) of the 53 sera from peanut-sensitized children investigated (detected using CAP-FEIA) ( Table 2 ). All these 33 children were sensitized to at least one peanut seed storage protein. Speci c IgE to the 7S globulin Ara h 1 was detected in 40 %, to the 2S albumin Ara h 2 in 30 %, whilst 23 % showed sensitization to the 11S globulin Ara h 3. Only one child demonstrated sIgE to the Bet-v-1 homologoue Ara h 8 and concurrent reactivity to Bet v 1 without having clinical symptoms during pollen season. Aged 20 months, this particular child was the oldest of all patients.
Over 50 % of the children in whom sIgE to peanut were detected on microarray demonstrated a monosensitization to peanut allergen components (Tab. 2). Ara h 1, followed by Ara h 2 and Ara h 3 were most commonly detected. ese children had a median age of 11.5 (range, 5-17) months. 15 out of 33 children showed sIgE reactivity to at least two peanut allergens (primarily Ara h 1 and Ara h 2) and were | Table 1 Characteristics of the patient collective (n = 53) therefore poly-sensitized. ese children had a median age of 12 (range, 5-17) months. Only two patients (median age, 18 months) showed a sensitization to three peanut allergens. Children who had not yet received solid foods at the time of blood collection primarily demonstrated a mono-sensitization to Ara h 1 (Tab. 3). In cases where solid foods had already been introduced, children showed increasingly sIgE to various allergen components, most commonly Ara h 2. Of the 53 children with peanut sensitization (detected using CAP-FEIA), 20 children (38 %) showed no reactivity to the four peanut allergen components on the microarray. Five of these 20 children had sIgE to peanut <1 kU/l measured using Immuno Cap FEIA, and in six of these 20 children sIgE to at least one peanut allergen component on the microarray was detected at a level just below the manufacturer's speci ed cut-o level (values between 0.2 and 0.3 ISU/l).
Clinical relevance
Data on the clinical relevance of peanut sensitization were available for 24 of the 53 patients (45 %) ( Table 4 ). e median age of children at the time of oral food challenges was 17 months. In total 13 children (54 %) had objective clinical symptoms during oral food challenge, whereas 10 children (42 %) produced no response. Since patient 40 underwent a food challenge at an external clinic, no further details were available. Patient 12 had a clear allergic reaction a er the consumption of peanut pu s, therefore no food challenge was performed in this child. More than one organ system was a ected upon allergic reaction in eight children (57 %), in ve of these children (29 %) the respiratory tract was involved.
Approximately only half of the 14 children (57 %) with clinically relevant peanut sensitization and none of the eight peanut-tolerant children showed sIgE reactivity to the seed storage protein Ara h 2 on the microarray. Sensitization to the seed storage protein Ara h 1 was found in eight children with peanut allergy (57 %), but also in three children with oral tolerance to peanut (30 %). 50 % of children with peanut allergy had sIgE to at least two seed storage proteins. ree children with peanut allergy were monosensitized, whereby one child was sensitized to Ara h 1, Ara h 2 and Ara h 3 repectively (Tab. 4) Sera from 50 % of the children with oral tolerance to peanut, as well as 21 % of children with peanut allergy, tested negative for sIgE to the relevant peanut allergen components on the microarray. Discussion e present study demonstrates that infants and young children with eczema show primarily a sensitization to the peanut seed storage proteins. ese seed storage proteins belong to the major peanut allergens [8] . Compared with pollen-related peanut allergens, seed storage proteins are resistant to heat and digestive enzymes and are associated with particularly severe allergic reactions [13, 14, 15] . Speci c IgE to the 7S globulin Ara h 1 was most commonly detected in the children (40 %), and many children demonstrated mono-sensitization to peanut allergen components (34 %). A broader sensitization pattern emerged upon introduction of solid foods and with increasing age.
|
To date there are no further data on the sensitization pattern in patients in this age group. Schoolage patients with manifest peanut allergy predominantly show sIgE to Ara h 2 and Ara h 6 [16, 17, 18, 19] . e Bet-v-1 homologous peanut allergen Ara h 8 is one of the most frequently detected allergens in adults and children with pollen-related peanut allergy [11] . Also in Germany, the high prevalence of peanut sensitization in children aged between three and 17 years appears to be due to cross-reactivity to grasses and birch pollen [20] . On the other hand, sensitization to these aeroallergens is rare in infants and young children.
It remains unclear which alternative route for sensitization underlies early sensitization to peanut. Primary sensitization as a result of exposure in the uterus and via breast milk could be one possibility [21, 22, 23] . Cross-sensitization between homologous peanut proteins and other legumes or tree nuts is a further possibility. [24, 25] . In total, 70 % of our patients showed a sensitization to hazelnut and 42 % to soy, even though these foods are usually introduced in the child's diet at a later time. Another possible route for peanut sensitization might be via skin exposure. is hypothesis, which | is currently under discussion, appears to play a role particularly in children with AD due to the impaired skin barrier function [26, 27, 28] , and we recently showed that peanut proteins can be detected in German households, particularly in bed dust [29] .
No peanut allergens could be identi ed on microarray in approximately one third of children with peanut sensitization (sIgE to peanut ≥ 0.35 kU/l measured using ImmunoCap). e same was observed in other studies investigating patients with peanut or hazelnut sensitization [12, 30, 31] . One possible explanation for this could lie in the low sensitivity of the microarray assay in terms of detecting lower sIgE concentrations in serum samples compared with the ImmunoCAP assay [31, 32] . On the other hand, the range of the four allergens spotted on the microarray (Ara h 1, Ara h 2, Ara h 3 and Ara h 8) does not cover the complete allergen prole of the peanut. It is possible that sIgE to other peanut allergens [the S2 albumins Ara h 6 and Ara h 7, the lipid transfer protein (LTP) Ara h 9, the prolin Ara h 5 or the oleosin/seed storage proteins) could have been detected. However, sensitization to peanut LTP is predominantly relevant in patients in the Mediterranean region [33] . e S2 albumin Ara h 6 appears to play a crucial role in children with peanut allergy [16, 19] . e allergen spectrum of the ISAC microarray has now been expanded to include Ara h 6 and Ara h 9.
Peanut seed storage proteins are associated with severe allergic reactions. Ara h 2 in particular appears to correlate best with the clinical relevance of peanut allergy [9] . Due to the young age of our patient collective, data on clinical relevance were available for approximately only 50 % of patients. In contrast to previous studies, sIgE to the seed storage protein Ara h 2 was not detected in 43 % of children with clinically relevant peanut allergy. Nevertheless, the sensitization pattern in children with oral tolerance to peanut di ered notably from that of patients with peanut allergy: far fewer peanut allergens were detected (primarily mono-sensitization) and Ara h 2 was not detected in any child with oral tolerance. It has already been shown that the detection of various IgE epitopes is associated with clinical relevance [34, 35] .
Conclusion
It has been shown that peanut-sensitized infants and young children with eczema primarily show sIgE to peanut seed storage proteins; sIgE to Ara h 1 was most frequently detected, followed by Ara h 2 and Ara h 3. In contrast, sensitization to pollen-related peanut allergens (Ara h 8) does not appear to play a role in this patient group. Compared with pollen-related allergen components, peanut seed storage proteins are resistant to heat and digestive enzymes and appear to be closely associated with severe systemic reactions. Interestingly, it would appear that not only Ara h 2, but also Ara h 1 in particular are clinically relevant in this age group.
